A gene for ribosomal protein P0 that belongs to the family of ribosomal P proteins was isolated from a Neurospora crassa cDNA library, using polyclonal antibodies against recombinant P0 protein from Saccharomyces cerevisiae. This is the first gene for ribosomal P0 protein to be cloned from filamentous fungi. The derived P0 protein sequence has a strong homology to other eukaryotic P0 proteins; yet, there is a notable alteration in the conservative C-terminal region, placing this protein among the unique sequences from protozoan parasites.
The eukaryotic ribosomal "stalk" consists of a single ribosomal core P0 protein and strongly acidic P proteins. The P0 protein plays an essential role by docking the whole "stalk" complex to 26/28S rRNA through the N-terminal domain, while the C-terminal domain interacts with the P1 and P2 proteins, forming the tip of the "stalk" [1] . A unique feature of P proteins is the presence of an intriguing C-terminal fragment, which is extremely well preserved in all eukaryotic organisms from yeast to humans [2] , containing a serine residue that is phosphorylated by several protein kinases [3] . In yeast cells the P0 protein is absolutely required for cell viability [4] . This protein is considered as a minimal "stalk" particle sufficient to support by itself ribosome activity, but at a lower rate than the complete "stalk". In contrast, the P1 and P2 proteins from yeast cells are not absolutely required for ribosome activity and cell viability [5] . On the other hand, the eukaryotic "stalk" is implicated in an interaction with elongation factor 2 (EF2) [6] .
The P0 protein from Drosophila ribosomes exhibits apurinic/apyrimidinic endonuclease activity and might be involved in DNA repair [7] . Additionally, a potential involvement of the P0 protein in modifying gene expression pattern was also described [8] . The P0 protein has also been recognized as one of the autoantigens in the autoimmune disease systemic lupus erythematosus (SLE). The anti-P immunodominant epitope is the single sequential epitope contained within the conserved 22 amino-acid C-terminal peptide shared by P proteins, including the P0 protein [9] . In addition, this epitope plays an important role in infections caused by an intracellular protozoan parasite [10] , and may also play a significant role in fungal allergy [11] .
Since there is little information on ribosomal P proteins from filamentous fungi, we have cloned a gene coding for the P0 ribosomal protein from Neurospora crassa. To our knowledge, this is the ninth gene for a ribosomal protein from this organism to be identified and described so far [12] .
MATERIALS AND METHODS

Materials and strains.
Restriction endonucleases and DNA-modifying enzymes were purchased from MBI Fermentas. Pwo polymerase was from Roche. QIAquick purification kit was obtained from Qiagen. Escherichia coli DH5a was used as host strain for all plasmid manipulations. Cells were grown in LB medium (1% peptone, 0.5% yeast extract and 1% NaCl). E. coli cells BL21(DE3) (Novagen Inc.) were used for expression. Neurospora crassa, obtained from the strains collection of the Department of Industrial Microbiology, Maria Curie-Sk³odowska University, was cultivated in YPD medium (2% peptone, 1% yeast extract and 2% dextrose) at 30°C.
Manipulation of DNA. DNA was manipulated by standard methods as described by Sambrook et al. [13] . DNA sequencing was performed using an ABI Prism 377 DNA sequencer with the ABI Prism BigDye terminator cycle sequencing kit (Applied Biosystems). Southern blotting was performed according to a standard procedure [13] , with the DNA probe prepared using the PCR DIG probe synthesis kit (Roche). Positive signals were analyzed with the DIG nucleic acid detection kit (Roche). Genomic DNA of Neurospora crassa was prepared according to the procedure described earlier [14] . cDNA library screening. Anti-sera against the P0 protein from Saccharomyces cerevisiae were obtained by immunizing a rabbit with the recombinant protein overexpressed in E. coli as described before [4] .
The cDNA library M-1 prepared from N. crassa mycelia in lZapII phage was obtained from the Fungal Genetic Stock Center (University of Kansas, Medical Center, U.S.A.). About 400 000 recombinant plaques were screened with rabbit polyclonal antiserum against the S. cerevisiae recombinant P0 protein, utilizing the picoBlue immunoscreening kit with goat anti-rabbit serum (Stratagene), according to the manufacturer's instructions. PCR amplification of genomic DNA. The N. crassa gene encoding the P0 protein was amplified by PCR from genomic DNA. The reaction was performed with the following oligonucleotide primers: forward primer -5¢ CAA ATT AAA CAA GAG AAC TC 3¢; reverse primer -5¢ GAA GTT AGT TCT AGT CAG AGA GAC ATT TAG 3¢. Pwo polymerase was used for amplification because of its 3¢-5¢ exonuclease activity, also known as proofreading activity. Experimental conditions were as follows: 95°C -60s, 56°C -30s, 72°C -90s, 30 cycles. The resulting PCR product was purified using the QIAquick PCR purification kit (Qiagen) and subcloned into the pUC19 vector.
Expression of the Neurospora crassa P0 protein. cDNA was PCR amplified with the following oligonucleotide primers: forward primer -5¢ CAG GAG AAT AAC AAT GGG [17] . Protein bands were visualized by staining with Coomassie Brilliant Blue R-250. Western blotting analysis was performed as described earlier [1] . Phosphorylation was carried out using protein kinase CK2 isolated from yeast cells as described previously [3] . Ribosomes of N. crassa were prepared by grinding the mycelia with a pre-cooled mortar and pestle under liquid nitrogen. Details of the preparation were described earlier [3] . Computer analysis of DNA and protein sequences was carried out using the BLAST [18] and ClustalW [19] programs.
RESULTS AND DISCUSSION
Cloning and DNA sequencing of the N. crassa crpP0 gene for the P0 protein
In order to clone the gene encoding the ribosomal protein P0 from N. crassa, we used polyclonal antibodies against the P0 protein from S. cerevisiae that recognize the P0 protein from N. crassa as well (Fig. 1A) . Twelve positive clones were identified after the third round of the immuno-screening procedure. All of them were converted by in vivo excision procedure, from phage into pBluescript plasmid containing cDNA, and then sequenced. The resulting DNA sequences were further used to search for homology in the GenBank database. Out of the twelve clones nine had a significant homology to the ribosomal P0 proteins genes from various species. Multiple alignment showed that only four clones had an intact open reading frame. All four clones were sequenced from both ends, Vol. 49 Gene encoding ribosomal P0 phosphoprotein from Neurospora crassa 13 and that with the longest DNA sequence (crpP0) was chosen for further analysis. The full nucleotide sequence of the crpP0 gene is shown in Fig. 2 boundary sequences of the inferred introns matched the consensus sequences for fungi [20] . In eukaryotes the copy numbers of ribosomal protein genes are known to vary. For example, most of the r-protein genes of S. cerevisiae have two copies [21] ; however, out of eight N. crassa r-protein genes identified to-data five have only one copy and there is no information on the copy numbers of the three remaining genes. In order to determine the copy number of the crpP0 gene Southern blotting was performed. An analysis of genomic DNA digested with EcoRI and HindIII, using the cDNA as a probe, gave only one band indicating that the crpP0 gene existed in a single copy per haploid genome (data not shown).
Structural features of the crpP0 encoded protein
The crpP0 gene encodes a protein containing 313 amino acids, with a predicted molecular mass 33 533 Da. However, the molecular mass of native P0 protein analyzed by SDS/PAGE is around 37 kDa (Fig. 1A) . The discrepancy between the predicted and analyzed molecular masses is probably related to the pI of the P0 protein, which is acidic (predicted pI 4.75), and may thence have an effect on protein migration in the gel as shown in the case of P proteins from S. cerevisiae [4] . A database search using the BLAST program revealed a high homology of the N. crassa P0 protein to P0 proteins from various species. The pairwise alignment with several sequences of the P0 protein from: S. cerevisiae (accession No. NP_013444), S. pombe (CAA21428), human (P05388), C. elegans (Q93572), D. melanogaster (P19889), A. thaliana (AAB95286), D. discoideum (P22685), T. cruzi (P26796) yielded identities 65%, 59%, 55%, 54%, 52%, 45%, 42%, and 37%, respectively.
The overall structure of the N. crassa P0 protein follows closely that described for other eukaryotic P0 proteins. In the primary structure three functional domains may be recognized. The rRNA-binding domain is located in the N-terminal part of the polypeptide chain and comprises about 200 amino acids. In a multiple alignment of several P0 sequences (Fig. 3) , it can be recognized as two clusters of amino acids showing a high degree of conservation. This domain might be implicated in the interaction of the P0 protein with rRNA GTPase center [1] . The second functional region of the P0 protein located between amino acids 200 and 280 has a high homology in the primary structure to acidic ribosomal P proteins, and is responsible for the interaction with P1/P2 proteins [22] . As shown in Fig. 3 , this region has evolved significantly in diverse organisms what has also been suggested by comparing different capacity of the heterologous P0 to bind yeast P proteins in vivo [1] . The third functional region that may be recognized in the N. crassa P0 protein is implicated in the interactions with elongation factors during translation [6] . This domain is placed in the C-terminal part of the polypeptide and comprises an alanine-rich hinge and the highly conserved sequence EESDDDMGFGLFD. Still, the N. crassa P0 protein has several alterations in the C-terminal domain. There are two insertions of glutamic acid and glycine and one methionine to glycine substitution (see Fig. 3 ). These changes place the N. crassa P0 protein among unique polypeptides with altered C-terminal part which belong to the group of the sequences from protozoan parasites.
Heterologous expression of the crpP0 gene
In order to overproduce the N. crassa P0 protein, cDNA was PCR amplified, with simultaneous incorporation into the 5¢ upstream non-coding region of a ribosomal binding site, the Shine-Dalgarno sequence, to ensure correct initiation of translation in E. coli cells. The DNA was subcloned into the pLM1 vector, where gene expression is driven by a Vol. 49 Gene encoding ribosomal P0 phosphoprotein from Neurospora crassa 15 strong T7 promoter, and induced by addition of IPTG. The recombinant E. coli cells carrying the pLM-P0NcEx plasmid produced the P0 protein, though most of the protein was located in inclusion-bodies. The molecular mass of the recombinant protein was identical with that of wild-type protein, as determined by Western blotting analysis (Fig. 1A) . Since P0 proteins from several species can be phosphorylated in vitro by protein kinase CK2 [3] , it was interesting to check whether P0 from N. crassa could also be phosphorylated by this enzyme. To investigate this possibility, native ribosomes from N. crassa were CK2-phosphorylated, which was visualized on an autoradiogram as two major bands corresponding to the P0 and P1/P2 proteins (Fig.1B) . After solubilization the recombinant P0 protein was also phosphorylated by CK2, indicating that it corresponded to the wild type.
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